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To identify regions of the Desmoglein- 1 (Dsg1) ex-
tracellular domain that are targeted by pemphigus 
antisera, eDNA sequences encoding various regions 
of the Dsgl extracellular domain were ligated to 
sequences encoding the E - cadherin extracellular an-
chor and transmembrane and cytoplasmic domains. 
These constructs were then expressed in mammalian 
cells, and pemphigus sera were tested for the ability 
to recognize the Dsgl extracellular domains . When 
analyzed by immunoblot, very few pemphigus folia-
ceus sera recognized the Dsgl domains. To deter-
mine whether pemphigus sera recognize non-dena-
tured Dsgl domains, constructs were expressed in 
cultured cells and tested for reactivity with pemphi-
gus sera using live- cell immunofluorescence. The 
A utoantibodies present in sera from pe mphig-us fo lia-ceus (PF) and pemphigus vulgaris (PV) patients reco gnize a class o f transm embrane glycoprote ins, termed desmogleins, which are present in desmo-somes. D esmogleins, as well as the other class of 
d esmosomal g lycoproteiJ1S, the desmocoltins, are m embers o f the 
cadherin gene superfamily. Most m embers o f tl1is fam il y of p ro teins 
are thought to m ediate calcium-dependent he mophili c cell-cell 
adhesion . Structurally, cadherins are de fin ed by the presence of 
t andem repeats of <1 11 0-am ino-acid motif in the cadheri.J1 extra-
cell ular domain . T hese repeats also incl ude p utative calcium-
b u1ding motifs, which are thought to contribute to the conforma-
tion and fun ctio n of the cadheri.J1 extracell ular domain [1, 2] . T he 
d esmosomal cadherins are now kn own to be n complex su bclass of 
cadherms, with three desmog lem and three desmocollil1 genes 
i d entified to date [3-11] . It is interes ting tha t the desmosomaJ 
cadherins exhibit a ti ssue- and differen tiation-speci.fi c pattern of 
express ion . D esm oglein-2 (Dsg2) is expressed in bo th simp le 
e pith elium and the basal layer of the epidermis [1 2], D sg l is 
expressed primarily in the upper layers o f the ep idermis, and D sg3 
is fo und primarily in the spin o us layer [13] . T he distribution o f 
Manuscript received February 11, 1995; final revisio n rece ived May 2, 
1995; accepted fo r pubLica tion May I 0, 1995. 
R.cprint requests to : Dr. Ka thleen J. Green. D epartment of Pathology, 
Northwes tern University Med ical School, C hicago, IL 60611. 
Abbreviatio ns: PF, pemphigus foli aceus; PV. pemphigus vu lgaris. 
pemphigus foliaceus sera reacted strongly with the 
Dsgl extracellular domain by live- cell immunofluo-
rescence and recognized predotninandy the amino-
terminal region of the Dsgl extracellular domain. In 
addition, sera from patients with pemphigus vulgaris 
also demonstrated strong reactivity with the Dsgl 
extracellular domain when tested using live-cell im-
munofluorescence. In contrast, sera from normal 
human controls and sera from bullous pemphigoid 
patients did not react with the D sgl extracellular 
domain. These data indicate that both pemphigus 
foliaceus and pemphigus vulgaris sera react with 
conformationally sensit ive epitopes in the amino-
terminal region ofDsgl. K ey wovds: bullous/desmosome. 
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Dsgl and D sg3 in the epidermis coincides with t he regional 
disruption of cell-cell adhesio n th at is observed ill PF and PV 
patients. PV is characterized by au toantibodies directed agains t 
D sg3 and the presence of acan tholytic blisters in the spino us layer, 
w hereas PF patients exhibit autoantibo dies directed agail1st Dsgl 
and blistering predomin an tly in the granular layer. 
fn a mouse model of P F, JgG fi:actio ns of human sera from PF 
patients caused acantholytic blisteri.Jlg w hen injected mto neonatal 
mice [1 4, 15] . In additio n , PV sera affini ty pur ified using Dsg3 
fu sion prote i.J1s caused acantholytic blisters w hen injected in to mice, 
strongly supporting the no tion that antibodies again st tl1e desm o-
somal cadherins are causative in t he pemphig us diseases [1 6] . 
Several studies have attempted to m ap regions of Dsg1 tl1at are 
recognized by PF sera usi.J1g immuno blo t analysis of fi.1sion prote i.J1 s 
generated in bac teria [1 7, 18] . H owever, m ost PF sera do not 
recognize D sgl by immunoblo t analysis, al tho ugh tl1e sera do 
recognize Dsg1 [1 9] and aJ1 extracellular fragm ent of Dsg1 [20] 
extracted from epidermis using mild d etergents. T hese o bservations 
sugges t that the PF auto antibo dies recognize Dsgl epi to pes that a.re 
destroyed by denaturing conditions. 
T o d efine the regions ofDsgl that ar e recognized by PF sera, w e 
deve loped a sys tem to express no n-den atured domams of Dsgl on 
the surface of cultured cell s. U si.J1g th e conserved structura l o rga-
nizatio n o f the cadherins, a trunca ted E-cadherin wa.s used as a 
scaffold to present variou s Dsgl extracellular do mains on the 
surface of transiently transfected COS cells. T he traJ1s fected cells 
were then analyzed using live-cell immll.l1o Auorescence to assay a 
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Figure 1. Schematic representation of Dsgl constructs. T he extra-
cellular domain of Dsg1 (A) is organi zed into fo ur tandem repeats o f 
cadherin ho mo logy domains, termed EI-EIV . The membrane-spanning 
domain (solid IJars) is flanked by an extracellular anchor (EA) and an 
in tracellular anch o r (lA). In :tdditi.on to a conserved intrace ll ul ar cadhcrin 
segment (ICS), the desmogleins include a proline-rich linker (IPL) . a 
repeated-unit domain unique to dcsmoglcins (RUD), and a dcsmoglein 
terminal domain (DTD) . To test the reactivity of PF sera w ith various 
regions of the D sg"l extrace llular domain , three regions o f the Dsg1 
extracellular domain were ligated to the E-cadhcrin extracellular anchor 
and transmembrane and cytoplasmic do mains (C) to generate a series of 
chimeric m o lecules, termed DG-A (0), DG-B (E). and DG-C (F). A 
chime ric molecu le consisting of the entire Dsg1 ex.tracellular do main and 
the E-cadherin cytoplasmic domain, Dsgl /E-cad (B), and a Dsgl construct 
encoding the D sgl cxtraceiJular anchor and cytoplasm ic domain (G), were 
also generated. A 1 0 - amino-acid epitope tag consisting of a region of c- llt)'C 
was included at the ca rboxyl terminus of each protein to fac ilitate detection 
using MoAb 9El 0.2. 
large number of P F sera for reactivity against n o n-denatured Dsgl. 
U sin g this approach , all PF se ra tested reacted with the Dsg1 
extraceiJular d o main. Furthermore, the PF se ra were fo und to 
recognize pre dominan tly the amino-terminal region of Dsgl. Sera 
from PV patients also recognized Dsgl expressed o n the surface o f 
culture d cell s, which sugges ts that both types of p e mphig us sera 
con tain antibo dies directed against the Dsgl extrace llul ar domain. 
H owever, the m ajority of PF sera tested did not recognize this 
region of Dsgl when assayed by immunoblot analysis, d e m o n strat-
in g that PF antibodies recognize epitopes in the amino terminus of 
Dsgl tbat are conformation a !Jy labile. 
MATERJA.LS AND METHODS 
Generation of eDNA Constructs eDNA constructs encoding various 
regions of Dsg1 were genera ted to identify domains of Dsgl that arc 
recogn ized by PF sera. A schematic representation of the proteins encoded 
by these constructs is shown in Fig 1. At the carboxyl terminus (cytoplasmic 
domain) of each protein, an in-frame epitopc t:t g consisting of 10 amino 
acids of c-111 yc was added to provide a common means to monitor the 
expressio n of each protein using monoclonal antibody (M oA b) 9£10.2 1" 21] . 
A full-length eDN A construct encoding Dsgl (Fig 1A) and a chimeric 
eDNA molecule encoding the cytoplasmic dom ain of mo use E-cadherin and 
the extracellular domain o f Dsg1 (Fig 1B) were generated as described 
prev io usly (22] . T hree non-overlapping regio ns of the Dsgl extracellular 
domain were ligated in frame w ith the E-cadhe ~:in ex traccllu.lar anchor and 
cytop lasmic domain (Fig 1 q. T his resulted in the generation of three 
chimeric m olecules, termed DG-A (Fig 1D) , DG-13 (Fig 1E), and DG-C 
(Fig l.f) . T hese constructs were designed to usc the E-cadherin anchor as a 
scaffold to present the D sgl extracellu lar domains o n th.c cell surf:tce to map 
PF sera reactivity with specific rc;gions of Dsgl. E-cadhcrin sequences we re 
c hosen for this purpose because no rep orts to date ha ve indicated that PF 
sera arc reactive with E-cadhcrin, thereby facilitating the analysis ofPF sera 
reac tivi ty with specific regions of th e Dsg1 extracellular do m"in . A 
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construct c;ncoding the Dsg"l extracellular anchor and cytoplasmic do main 
was generated as desc ribed previously [22] (Fig 1 G) . The numbers in the 
diagran1 refer to atnino acids, usin g the first in-fran1c n1 cthion in c as the first 
amino acid and 1 029 as the fmal amino acid . 
To gene rate the E-cadhe rin anchor domain (Fig tq. we used m ouse 
E-cadherin eDNA as a templa te fo r po lymerase chain reaction (PCR) to 
produce a construct encoding the E-c"dhcrin extracellular anchor and the 
entire cytoplasmic domain (nucleotides 1359-2719 [23 ]). This region of the 
E-c;~dherin eDNA was amplified using PCR and subcloncd into pBluescript 
(pKS) to generate plasmid p395. T he PCI\.. primers included a 5' Sail site 
(pdmer LN "I 11 5' -ACGTGTCGACG AA CCTCGAAACA-3 ') and a 3' 
Hi/111111 site (primer LN49 5' -ACGTAAGCTTCTACAAGTCCTCTTCA-
GAAA TGAGCTTTTGCTCCACGTCGTCCTCGCCACC-3') to facili-
tate subclo ning. With full-length human Dsg1 eDNA as a template, we 
used PCI\.. to ampLi fy the human Dsgl eDNA encoding the signal sequence 
and pro-sequence (nucleotides 24-360) w ith a 5' Kp11 I. site (primer LN103 
5'-ACGTGGTACCGGATCCAGACTGGTT-3') and a 3' Sail site (pdmer 
LN104 5'-TGCAGTCGACACGTfTCTGCCTTCG-3') . T hese sequences 
were then subcloned into pKS (p400), digested with Sal I and Kp11 I, and 
ligated to a Sal I digest of the E-cadherin anchor construct (p395). T he 
resulting plasmid (p401) included nucleotidcs 24 -3 60 of Dsgl and 1359 -
2719 of E-cadhcrin . T his construct (SS/E-cad anchor) was then used as a 
cassette to insert sequences encoding various regions of the Dsgl extracel-
lular domain , as described be low. In addition, the construct was subcloned 
into the mammalian expression vector I\..C4D (p427) (Fig 1q. 
PC R was used to genera te eDN A sequences encoding three non-
overlapping regions o f the Dsg1 extrace lluhtr domain. Sequences encodiJtg 
the amino-tcnninal region of Dsg1 (nuclcotides 361-870) were generated 
using PCR primers LN105 (5'-ACGTGTCGACGAATGGATCAAGTTC-
3' ) and LNl06 (5'-TGCAGTCGACTCGAATTTCTCCAGT-3'). Se-
quences encoding the cen tral region of the Dsg1 extrace llular domain 
(nucleotidcs 871-1200) were generated using PCI\.. primers LN107 
(5 '-ACGTGTCGACACGATGAATAATTTT-3') and LN1 08 (5 ' -
TGCAGTCGACTCCCACATTTGTTCT-3' ). Sequences encoding the 
ca rboxyl-terminal regio n of the Dsg·l extracellular domain including a 
po rti on of the cxiJ·acellular anchor (nucleotides "1 201-1740) were generated 
using PCR primers LN109 (5'-ACGTGTCGACATTTTAAACGTTGTT-
3') and LN11 0 (5'-TGCAGTCGACACTTTCTTGTCTGCC-3'). The 
PC R. primers included SaiL endo nuclease sites at both the 5' and 3' ends of 
the sequences. Each PCR product was then digested with Snl 1 and 
subclo ned into a Snl I digest of the SS/E-cad anchor construct (p401.) to 
genera te intermediate constructs in pKS: DG-A (p402) , DG-B (p414), and 
DG-C (p415). Each PCR- generatcd construct was sequenced to determine 
correct o rien ta tio n and to verify that no sequ ence errors were introduced. 
Each of these constructs was then subcloned into the R C4B cxpressiou 
vector for expression in mamma[jau cells (DG-A p416, DG-B p4l7, and 
DG-C p41 8). 
Transient Transfection COS ce lls were transfccted by calcium phos-
phate precipitatio n, as described previously [24 ]. For transfcctions, p lasmjd 
DNA was isolated using Q iagen Maxi K.it 100 columns (Qiagcn, C hat-
sworth , CA) according to the manufacturer 's instructions and diluted to 1 
J-tg/ J.d in sterile water. For immunofluorescence, approximately 8 1-'-g carrier 
DNA and 1 J-tg of expressio n construct DNA were used for transfection of 
COS cell s grown on coverslips in six-well tissue culture di shes. For 
immunoblot analysis, COS cells grown in 100-mm tissue culture dishes 
were transfected with 5 1-'-g of expression construct DNA and 40 !-'-g of 
carrier DNA. T he ce Lls were assa )'ed fo r expression of the transfected 
constructs 48-62 h after the trans fectio n. 
Immunofluorescence Dual-label immunofluorescence anal ysis of tran-
siently transfected cells was perfo rmed to monitor the reactivity of varjous 
PF sera with regions of the Dsg1 extracellular domain. COS ce lls grown o n 
covcrslips were transiently transfected as described above and processed for 
[j ve-cell immunoflu orescence. Covers[jps were rinsed gentl y in Dulbecco's 
phosphate-buffered sa line containing calcilll11 and magnesium (PBS +). T he 
cell s were then incubated for 1-2 hat 4°C in PF serum diluted 1:20 in PI3S + 
and 0.5')1,, bovine serum albumin . The cell s were then rinsed gen tl y in PBS+ 
and in cubated for 1-2 h at 4°C in fluorescein-conjuga ted goa t anti-human 
lgG diluted l:l 0 in PI3S+ with 0.5% bovine serum albumin. The coverslips 
were washc;d in PBS+, fixed in - 20°C methanol, and incubated in MoAb 
9£10.2, followcd by dc;tection using a rhodamine- conjugated goat anti-
mouse secondary antibody. T he cell s were viewed using a Leitz DMRB 
flu o rescence microscope equipped fo r photomicrography. 
Immunoblot Analysis Transfected COS ce lls in 1 00-mm culture dishes 
were scraped into 500 J-tl sodium dodccy[su[f.,te-polyacrylamidc gel elec-
trophoresis sample buffer 48 h after transfcction and electropho resed into 
7 .5'% ncrylarnide gels. Express ion of each transfectcd construc t was n1oni-
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Figure 2. The Dsg1 constructs are expressed in COS cells. COS cells 
were transiently transfected with eDNA constructs encoding the various 
Dsgl proteins shoW11 in Fig 1. E>.:pression of the proteins was monitored 
using a common c-myc epitope tag present at the carbO"-}'! terminus of each 
protein. COS cells were transfected with eDNA expression constructs 
encoding each protein and were lysed in sodiwn dodecylsulf.1te-polyacryl-
arr1ide gel electrophoresis sample buffer 48 h after transfcction. T he proteins 
were analyzed by immunoblot using MoAb 9E1 0.2. Note that each protein 
is synthesized and is present at similar levels. 
tared by immunoblot with MoAb 9£10.2 [21]. The quantity of cell lysate 
loaded in each lane was adjusted based on the immunoblot analysis using 
MoAb 9E1 0.2 to obtain similar amounts of each transfected protein in each 
lane. Inununoblot analysis using PF sera was then conducted, and reactivity 
of the sera with each Dsgl domain was compared. PF sera were diluted 
1:250 in PBS + containing 2.5% non-f.1t dry milk. PF antibody reactivity was 
detected using a goat anti-human peroxidase-conjugated secondary anti-
body, and immunoblots were processed using a chemiluminescence-based 
detection system (ECL, Amersham) . 
RESULTS 
Construction and Expression of eDNA Constructs Encod-
ing Regions of the Dsg1 Extracellular Domain To deter-
mine which regions of the Dsg1 extracellular domain are recog-
nized by PF sera, we designed a series of eDNA constructs to 
encode various regions of Dsg1 (Fig 1). Three non-overlapping 
regions of the Dsg1 extracellular domain w ere ligated in frame with 
the E- cadh erin extracellular anchor and transmembrane and cyto-
plasmic domains (Fig 1 C). This resulted in the generation of three 
chimeric molecules, termed DG-A (Fig 1D), DG-B (Fig 1E), and 
DG-C (Fig 1F). Because of the conserved structural organization 
of the cadherin s, the E-cadherin anchor was used as a scaffold to 
present Dsg1 domains on the surf.1.ce of transiently transfected COS 
cells. The reactivity of PF sera w ith each of the Dsgl extracellular 
domains was then analyzed by immunoblot and immunofluores-
cence. 
To demonstrate that the Dsgl/E-cadherin chimeric proteins 
were expressed in mammalian cells, we performed immunoblot 
analysis on cell lysates from tran siently transfected COS cells. To 
monitor the ability of PF sera to detect the various Dsgl domains, 
it was necessary to demonstrate that similar levels of each protein 
were present on the in1munoblot. A 10-amino-acid c-myc epitope 
tag at the carboxyl terminus of each prote in was used as a common 
means for detection. Using the c-myc epitope and MoAb 9E10.2 for 
immnnoblot analysis, we adjusted the volume of cell lysate loaded 
for each recombinant protein to obtain immw10blots with similar 
levels of each protein. Figure 2 demonstrates that each protein was 
synthesized and that sim.ilar levels of each protein were present. 
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Figure 3. A subset ofPF sera exhibits reactivity with Dsgl proteins 
by immunoblot analysis . PF sera we.re tested for tl1e ability to recognize 
D sgl proteins from cell lysates of transiently transfccted COS cells shown in 
F ig 2. Two PF sera are shown as representative samples. PF serum 982 (A) 
recognized both the Dsg1/E-cadherin chimera as well as the DG-C 
construcc. In contrast, PF serum PF2 (B) did not specifically detect any of 
the Dsgl constructs tested, although two unidentified proteins were 
recognized by this serum. Note that the total amount of cell lysate loaded 
in each lane varies, but the level of each Dsg1 protein in each lane js sin1ilar 
as monitored by MoAb 9E10.2 (see Fig 2). 
PF Sera Exhibit Poor Reactivity With Dsgl Domains When 
Assayed by Immunoblot Analysis Cell lysates from COS cells 
transiently transfected with each eDNA construct were used to test 
the ab ility of various PF sera to react with the Dsg1 domains. 
Representative results from the immunoblot analysis are shown in 
Fig 3 . PF serum number 982 reacted \>vith the Dsgl/E-cadherin 
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Figure 4. Live-cell immunofluorescence procedure. To monitor the 
reactivity of pemphigus sera with non-denatured epitopes, a live-cell 
immunofluorescence procedure was used. CeUs grown on coverstips were 
rinsed gently in PBS + and incubated with various PF sera at 4°C. The PF 
sera were detected witl1 a goat anti-human specific secondary antibody 
conjugated to flu orescein (GAHF), rinsed in PBS+, and then fixed and 
pem1eabilized with ice-cold methanol. T he coverslips were then incubated 
in MoAb 9£10.2, followed by a goat anti-mouse secondary antibody 
conjugated to rhodamine (GAMR) . T his procedure allowed testing of the 
PF sera against non-denatured epitopes while simultaneously pennitting 
verification of expression of each protein using the c-myc tag at the carbn>.-yl 
terminus of each protein. Note that the PF sera do not have access to 
intracellular cpitopes because the ce lls are not pcnneabilized un til after 
methanol fixation. T his is demonstrated by the lack of 9£10.2 staining in 
ce lls not fixed in methanol (not shown) . EC, extraceUular. 
chimera and with the DG-C protein (Fig 3A). However, the 
m aj ority of PF sera tested did not recognize the recombinant 
proteins by immunoblot analysis; only seven of 22 sera exhibited 
reactivity. A representative senun sample, PF2, did not sp eciiically 
recognize any of the deletion constructs o r the fuU - length extra-
cellular domain (Dsg1/E-cadherin chimera) , although two uniden-
tified proteins were d e tected by tlus antiserum (Fig 3B). T he lack 
of PF sera reactivity w ith these constructs is con sistent with the 
previously reported hypothesis that the PF sera recog1uze confor-
mationally labile epitopes that are destroyed by the denaturing 
condition s used for immunoblot an a lysis [19] . 
Pemphigus Sera React With the Amino-Terminal Region 
of the Dsgl Extracellular Domain When Assessed by Live-
Cell Immunofluorescence We n ext detem1ined whether the 
PF sera recognize confonuationally sen sitive epitopes. The Dsg1 
constru cts shown in Fig 1 were expressed in COS cells, and PF sera 
reactivity wi th the expressed proteins was monitored by immuno-
fluorescence. To preserve the n ative conformation of the Dsgl 
d om ains, immunofluorescence u sing PF sera was pe rformed on 
living cells. An o utline of tlus procedure is provided in Fig 4. Cells 
were in.cubated with PF sera at 4°C, rinsed gently , and incubated in 
a fluo rescein-conjugated secondary antibody directed against hu-
man lgG. T he cells were tl1en fixed in methanol and processed for 
indirect immunofluorescence using MoAb 9E10.2, followed by 
detection w ith a rhodamine-conjugated secondary antibody di-
rected against mouse lgG. This system aUowed us to test PF sera 
reactivity against non-denatured Dsg1 epitopes willie simulta-
n eously verifying the expression of each protein using the c-myc 
epitopc tag. 
The results of a representative experiment arc sh own in Fig 5, 
an d the results for a large number of sera (28 PF sera) are displayed 
in Fig 6 . Reactivity with PF serum number 2 is displayed on the left 
of Fig 5 (A,C,E,G) , and staining for the c-myc tag using MoAb 
9E10.2 is shown on the right (B,D,F,H). The PF sera tested 
showed strong reactivity with the construct encoding the entire 
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Figure 5. PF sera exhibit reactivity with the Dsgl proteins when 
analyzed by live-cell immunofluorescence. COS cells were transiently 
transfccted with eDNA constructs encoding Dsgl/E-cadherin chimera 
(A,B), DG-A (C,D), DG-B (E,F), or DG-C (G,H). The cells were then 
processed for live-cell immunofluorescence 48 h after transfection, as 
described in Fig 4, and photographed. A representative PF serum (PF2) is 
shown (lift; A,C,E,G), as weU as MoAb 9£10.2 staining (right; B,D,F,H). 
Note that each protein is expressed at similar levels as detennined by 9£10.2 
staining. H owever, PF2 exhibits strong reactivity with the Dsgl/E-cadherin 
chimera (A), moderate reactivity with the DG-A protein (C), weak 
reactivity with the DG-C protein (G), and no detectable reactivity with the 
DG-B protein (E). For photomicrography, exposure times and printing 
conditions were kept constant to facilitate a comparison of PF sera reactivity 
with each construct. Bnr (A), 10 1-'111. 
Dsgl extrace llular domain (Dsg1/E-cadhetin chimera) . Sinlliar 
results w ere obtained using L-ceU lines expressing wild- type Dsgl 
(not shown). The construc t en coding the most amino-terminal 
(extracellular) Dsgl domain (DG-A) also exhibited reactivity with 
m any of the PF sera. However, the PF sera exlubited little reactivity 
with the DG-B construct, wlucb encodes the central region of the 
Dsgl extracellular domain. Several PF sera exlubited reactivity 
with the DG-C construct, wluch encodes the enti.re EIV cadherin 
repeat and flanking sequences from Elll and the extracellular 
anchor. Little or no reactivity with the Dsgl-TmCyto construct 
(one serum) or the SS/E- cadherin a11chor domain (one serum) was 
observed. It is interesting that four of five PV sera tested also 
exlubited reactivity with the Dsg1 extraceUular domain, demon-
stratin g that PV sera recognize Dsg1 in addition to Dsg3. SinUiar to 
the PF sera, one PV serum also reacted with the DG-A construct, 
wluch suggests that both PF and PV sera recognize the aJnino 
terminus of D sg1. Sera from bullous pemplugoid patients (eight 
sera) and from normal human controls (two sera) did not exhibit 
reactivity with Dsgl expressed in COS cells (not shown) . These 
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Figure 6. PF sera react predominantly with the amino-terntinal 
region of the Dsgl extracellular domain. Live-cell immunofluores-
cence (IF) analysis was carried out 011 COS cells expressing the vacious Dsgt 
domaips. A total of 28 PF sera were tested aud ranked positive or negative 
for reactivity with cells expressing the various proteins. To ensure objec-
tivity, immunofluorescence was ranked positive or negative with the 
observer blinded to the identity of the construct expressed. The results 
represent the total number of PF sera reacting positive with each Dsgl 
protein. 
results are displayed in Fig 6 and indicate that the PF sera exhibit 
strong reactivity with the full-length extracellular domain and with 
the most amino-terminal region of Dsgl . 
DISCUSSION 
Previous studies have demonstrated that the desmogleins are the 
targets of antisera present in patients suffering from the autoim-
mune blistering diseases PF and PV [11,25- 29]. Molecular genetic 
analysis and sequencing have indicated that the primary antigens 
recognized by PF and PV sera are Dsg1 and Dsg3, respectively. The 
results of the present study indicate that PF sera recognize confor-
mationally sensitive regions within the amino terminus ofDsgl. In 
addition, PV sera recognized the extracellular domain of Dsgl, 
suggesting that the amino-terminal region of Dsgl contains con-
formationally labile epitopes that are important in the development 
and pathology of the pemphigus diseases . 
Several studies have attempted to define regions ofDsgl that are 
targeted by PF antibodies and have fow1d that only a fraction ofPF 
sera interact with denatured Dsg1 [19] or recombinant Dsg1 
expressed in bacteria [17] . ln addition, some pemphigus sera were 
found to recognize a region of d1e Dsg1 extracellular domain near 
the membrane [17], whereas a subset of PF sera reacted with the 
amino-tem1inal region of Dsg1 by immunoblot analysis [18] . The 
results of the present study indicate that the amino- terminal region 
of Dsg1 is recognized most strongly by PF sera when tested by 
live-cell immw1oAuorescence (Fig 5), but not by immunoblot (Fig 
3). These observations demonstrate that the PF sera recognize 
conformationally sensitive regions ofDsg1 near the amino tem1inus 
and, perhaps to a lesser degree, epitopes located near the mem-
brane-spamring domain. It is notable that both of these domains 
appear to be functionally important regions of cadherins [30-33]. 
Although m any of the sera exhibited reactivity with the Dsg1 
amino- terminal region, some PF sera reacted strongly with the 
full-length extracelluJa.r domain but not with any of the individual 
domains tested. This result may indicate that some PF sera recog-
nize epitopes that are present at the boundaries between domains. 
Alternatively, the native confonnation of each domain may be 
dependent on e"l'ression of the full-length Dsg1 extracel.lu]ar 
domain. It is in1portant to note that the low level of reactivity 
observed with the DG-B and Dsgl-TmCyto proteins precluded the 
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ability to determine whether these proteins were specifically rec-
ognized by the PF sera. The use ofDsgl extracellular domains wid1 
different boundaries and the development of methods to enhance 
the degree of specific staining relative to background should 
address these questions. 
The fact that pemphigus antibodies, as wel.l as other autoanti-
bodies [34], recognize epitopes that are present only in the native 
antigen demonstrates the in1porta.nce of using the proper assay to 
test the reactivity of sera from autoimmune diseases. The use of the 
truncated E-cadherin to present Dsg1 epitopes on the extracellular 
surface of cells, followed by live-cell immunofluorescence, may be 
a useful system for the study of other antigen-antibody interactions. 
The utility of immunofluorescence to assay autoimmune sera 
reactivity with transfected cells also was demonstrated recently by 
Emery et a/ [35] . In this study, immunofluorescence analysis of 
non-permeabil.i.zed COS cells expressing full-length Dsg1 was used 
to demonstrate that PF sera recognize the extracellular domain of 
non-denatured Dsgl. 
Although further studies are necessary to define completely the 
regions of Dsg1 that are targeted by PF sera, the results presented 
here demonstrate clearly that the amino tem1inus ofDsgl is a major 
target of PF sera. It is interesting that PV sera that recognize the 
amino-temrinal region of Dsg3 are patl1ogenic when inj ected into 
neonatal mice [16], suggesting that epitopes in the amino tem1inus 
ofDsgl may also play an important role in blister formation in PF . 
Most of the PV sera tested also exhibited reactivity with the 
extracellular domain of Dsg1 (not shown), sinrilar to results re-
ported recentl y [35]. These observations are consistent with previ-
ous studies demonstrating that PV sera recognize Dsgl e}c'tracted 
from human epidermis [36] and react with the Dsg1 cytoplasmic 
domain using in1munoblot analysis [18]. Together, these observa-
tions indicate that some PV sera recognize both extracellular and 
intracellular epitopes on Dsgl. However, the role of these interac-
tions in blister fonnation is not clear because the pathogenic activity 
ofPF sera can be depleted by the extracellular portion ofDsg1 [37J, 
and the pathogenic activity ofPV sera is depleted by the extracel-
lular portion of Dsg3 [38]. 
It is tempting to speculate tl1at the structural orga.trization of the 
:m1ino tenninus of Dsg1 is important in the autoimmune response 
that leads to the development of PF. Because the a.mino-temrinal 
region of Dsg3 is also targeted in PV [1 6], it is possible that tllis 
region of Dsg1 and Dsg3 share structural properties that are 
targeted by the immune system during these blistering disorders. 
Unlike other cadherins, the desmosomal cadherins are degraded by 
trypsin in the presence of calcium ([39]; Kowalczyk and Green , 
unpublished observations). It is interesting to note that a subset of 
PF sera have been shown to recognize the other desmosomal 
cadherins, the desmocollins [ 40], as well as Dsgl. Further studies 
will be needed to clarify the unique aspects of the desmosomal 
cadheri.ns and to understand how tl1ese regions :u·e related to tl1e 
development of the pemplligus autoimmw1e diseases. 
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